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Abstract 
We have studied, by computer simulation, some static and vibrationnal proprieties of SiGe/Si islands. We have used a Valence 
Force Field combined to Monte Carlo technique to study the growth of Ge and SiGe on (001)Si substrates. We have focalised on 
the case of large pyramidal islands presenting (113) facets on the free (001)Si surface with various non uniform composition 
inside the islands. The deformation inside the islands and Raman spectroscopy are discussed. 
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1. Introduction 
A large number or recent works have been devoted to the study of the growth of Ge and Si-Ge alloys on (001)Si 
substrates. This interest comes from two main reasons. First, the technological interest concerns the potentiality of 
this structure in microelectronic in microelectronic and optoelectronic devices. In particular, the formation of regular 
Ge-Si islands embedded in Si matrices is a successful technique for the fabrication of quantum dots for 
optoelectronic technique. Second, the prototype nature of this structure involves two elemental semiconductor 
materials with perfect covalent bonding, both having cubic diamond crystal structures. 
 In alloys with moderate or large Ge concentrations, the mismatch is sufficiently high to exclude coherent 
deposition of the film with a low defect density. However, the maximum lattice mismatch of 4% is much lower than 
the encountered than those encountered during the growth of III-V or II-VI semiconductor compounds, usually in 
the order of 8% and going up to 15% in which a misfit dislocation is observed[1,2]. The features presented in such 
type of growth, such as the formation of misfit dislocations after a few atomic layers deposition is not observed. The 
deposited film is constituted of large faceted islands, as a result of the particular strain relaxation[3,4,5]. 
Further, the energetics of Ge-Si systems allows the presence of complicated facets depending on the experimental 
growth conditions and subject to possible changes during the process of deposition. On one hand, the fundamental 
properties of self-assembled Ge/Si nanostructures are the Stranski-Krastanov growth mode. The formation of self-
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assembled Ge nanostructures can be divided into two island types: the ‘hut cluster’ type at low temperatures and the 
‘dome’ type at high growth temperature[4,5,6,7]. 
 Experiments shows  that Si-Ge intermixing takes places during both growth and overgrowth of Ge domes 
at high temperatures[6,10,12]. Temperature activates intermixing and strain relaxation of island will obtained and a 
different forms of facets are observed[4,5,11]. A prevoious simulation has show the dependence of intermixing on 
temperature which is largely increased with temperature[8]. 
In this paper, we will report on preliminary results of the above investigation, concerning mainly the effect of 
shape and local composition of the islands on the relaxation of the structure and the vibrationnal properties of the 
system, in particular relation to Raman Spectroscopy data. The case of large pyramidal islands presenting (113) 
facets, on the free (001)Si surface or embedded in an Si matrix, with various non uniform composition inside the 
islands will be presented. The calculated Raman spectra will be compared to experimental results obtained by 
Raman Spectroscopy. 
 
2. Description of the model 
The simulation model has been fully explained previously [1,2,8]. Our simulations can be devided in many 
main stages: 
1. the construction of the supercell. In our study we construct 80[110]x80[1-10]x26[001]. Inside this matrix 
we fill an island of Ge in place Si atoms. Its size is 40[110]x40[1-10]x8[001] having (113) facets. The 
interdiffusion is revealed by putting Si atoms randomly into this island and Ge outside by using Monte 
Carlo technique. 
2. the relaxation of the structure. As the lattice parameter of Ge is larger than the Si one, the atomic positions 
must be relaxed. Therefore, the total elastic energy is minimized and by using Newton Raphson method. 
The strain energy model is given by a Valence Force Field in the Martin harmonic formulation [12,13]: 
Estrain = ¦ bonds kr(r - r0)2 + ¦ angles kθ (θ - θ0)2  
Where r is the bond length, r0 is the the equilibrium bond length with respect to the perfect materials and 
we have chosen r0 . θ is the angle between two adjacent bonds and θ0 is the angle between two adjacent 
bonds in the diamond perfect structure. kr   and kθ correspond the force parameters of the elastic constants 
of the pure materials Si and Ge[12]. 
3. when the total strain energy is minimized, the vibrationnal eigenstates are calculated by digonalization of 
the dynamical matrix given by the same VFF interatomic potential. Finally a Raman spectroscopy is 
determined by using Alben model.  
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3. Results and discussion 
Simulations have been performed to study systems constructed as follows. First we construct Si substrate 
80[110]x80[1-10]x10[001]. On this substrate we put an island of Ge 40[110]x40[1-10]x8[001]  having 113 facets. 
the recovered system on Si is chosen to have on total 26 levels. The interdiffusion is revealed when we substitute Ge 
atoms by Si ones randomly. The percentage of Si inside the island are chosen 40 and 60 percent. 
Figure 1 shows a vertical cut at the middle of the island in parallel to x-axis in the case of free island. The x strain 
is represented with respect the site number. The curves are for each level of island and for the last level of Si 
substrate. We find that the deformation of Ge atoms decreases as level number increases. Atoms located at the edges 
of the island are more relaxed than atoms at the middle. In other words, as Ge atoms becomes away of the effect of 
lattice mismatch between Ge and Si atoms, atoms become more relaxed and tend to have their own lattice parameter 
and this effect is manifested between relaxed atoms at borders of island and its middle. Si atoms located near the 
island are more strained than atoms located at the middle. This result is in accordance with previous result 
experience which shows that the region near the island perimeter is the most highly strained and this high strain 
reduces the activation energy required for interdiffusion [10]. The curve of Si deformation is in accordance and 
similar to a previous study of strain energy of like atoms [14]. 
 
Fig. 1 – In plane stress across different layers of Ge island, and the top most si layer. Vertical cross sections, parallel 
to the <110> direction, at the center of the island. 
In figure 2 we have reported the mean and maximal x deformation per level. It’s clear that the deformation with 
respect to silicon increases as the level number increases. Maximal deformation tends to a limit of 4.4% which 
corresponds to the lattice mismatch. This curve corresponds to an atom located at the edge of the island. The mean 
deformation tend to join the maximal deformation. It’s clearly observed the great difference between the maximal 
and mean value. This difference reveal big variance deformation distribution between atoms which is great in small 
layer numbers. While layer number atoms tens to have a uniform strain energy distribution. 
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Fig. 2 –Average and Maximum in plane strain in different layers of Ge islands deposited on Si substrate. 
 
Figure 3 reveals the strain energy for the 2nd, 4th and 7th level of the island. The strain energy is shown by the 
radius of the atoms; more stressed atoms have big volume.  It’s clearly seen there are no similarity between atoms 
along the steps directed along 110 and 1-10. This is due that in 113 facets, in each level the atoms at edges which are 
arranged in 110 direction has 2 dangling bonds upward and atoms in the other edge direction has 2 bonds upwards. 
These kinds of bonding at edges will be inversed in the following level and so on. Its is observed that atoms at the 
edge are relaxed and atoms at the middle are stressed. It is clearly seen that while level number increases, atoms 
becomes more relaxed. This is due that Ge atoms become more free of the effect of Si. In 2nd layer, the atoms at the 
edge arranged along y-axis near the edge along y-axis are the less stressed atoms of the layer because they don’t 
have bonds upwards. The following atom line represents the highest strain energy in the island and these atoms are 
connected to the free atoms of the upper layer. This layer, which is very effected by Si lattice mismatch, shows 
different separated zones of strained atoms. This is due that the relaxation of some atoms provokes stresses on other 
atoms. These zones are repaired on the middle, near the edges and between these two zones. In the fourth layer the 
stressed zones are joined because stresses diminished as film atoms become away of the effect of substrate and 
atoms are more relaxed. The borders of this zone are mixture of convex and concave curves. We find also that while 
level number increases the atoms become more relaxed and the more stressed atoms tend to be at a zone of the 
middle of the island. In the  7th layer it’s clear that difference between odd and even layers which reveal the 
permutation of stressed zones between x and y direction. To note also that the borders of these zones becomes 
concave in last levels.   
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Fig. 3 – Elastic energy distribution in different layers of Ge islands deposited on Si substrate. ….. 
 
Figure 4 gives the Raman spectroscopy of a cut at middle of the island in the case of recovered island with Si. We 
have reported three curves corresponding to the percentage of interdiffusion of Si into the island. We find that when 
interdiffusion increases the Raman pics of Ge-Ge are shifted towards the low frequencies and this due that these 
atoms becomes more relaxed relaxed as interdiffusion increases.. 
 
Fig. 4 – Micro Raman spectroscopy corresponding to the centers of the islands, as function of alloy compositions. 
 
Elastic Energy of the 2nd layer    of the 4th layer of the 7th layer 
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4. Conclusion 
We have used the Valence Force Field to investigate the deformation SiGe/Si dots having 113 facets and their 
vibrationnal properties. We have shown that edge of the island are the more relaxed and the deformation with 
respect to substrate lattice increases as the layer number increases. We have find the region near the island is the 
most highly strained and its reduces the activation energy for interdiffusion and this the most favourable region to 
the interdiffusion to take place. We have also reported the effect of interdiffusion on the Raman pics spectroscopy.  
 The present work should be extended towards a detailed study of the growth of 113 facets and other forms 
of facets of SiGe/Si dots. 
 
5. References 
1. J. Dalla Torre, M. Djafari Rouhani, R. Malek, D. Esteve, G. Landa , J. Appl. Phys.  84 (1998) 5487. 
2. M. Djafari Rouhani, H. Kassem, J. Dalla Torre, G. Landa , A. Rocher, D. Esteve, J. Materials science and 
engeneering B88 (2002)181-185. 
3. M. Ross, J.Tersoff and R. M. Tromp, coasening of self-assembled Ge quantum dots on Si(001), Phys. Lett. 
80,984(1998) 
4. F. M. Ross, R. M. Tromp and M. C. Reuter, Transition states between pyramids and domes during Si/Ge 
island growth, Science 286, 1931 (1999) 
5.  R. M. Tromp, F. M. Ross, and M. C. Reuter, Instability-driven SiGe island growth. Phys. Rev. Lett. 84, 
4641(2000) 
6. O. G. Schmidt, C Lange, Kberl, Appl. Phys. lett. 75, 1905 (1999) 
7.  O. G. Schmidt et al., Appl. Phys. lett. 77, 2509 (2000) 
8. M. Djafari Rouhani, H. Kassem, J. Dalla Torre, G. Landa , A. Rocher, D. Esteve, Applied surface science 
188 (2002) 124. 
9. A.L. Barabasi , Appl. Phys. Lett. 70 (1997) 2565. 
10. S.A. Chaparro, J. Drucker, Y. Zhang, D. Chandrasekhar, M.R. McCartney, D.J. Smith, Phys. Rev. Lett. 83 
(1999) 1199. 
11. S.A. Chaparro, Y. Zhang, J. Drucker, D. Chandrasekhar, D.J. Smith , J. Appl. Phys. 87 (2000) 2245.  
12. R.M. Martin , Phys. Rev.  B 1 (1970) 4005. 
13. F. Stillinger and T. Weber , Phys. Rev.  B 31 (1985) 5262. 
14. A.L. Barabasi , Appl. Phys. Lett. 70 (1997) 2565. 
 
 
